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Abstract: 

PURPOSE: To improve alignment accuracy without adding any hardware by calculating correlation 
results using a template corresponding to an alignment mark and a template where either a right half 
or a left half is shifted by one point. 

CONSTITUTION: Light from an alignment lighting device 1 1 is applied to an alignment mark on a 
wafer 5 mounted on an XY stage 7 and the reflection light is subjected to photoelectric conversion 
by an alignment sensor 12, is A/D-converted by an A/D converter 101, and then is stored at a storage 
102. A first operation block 103 performs correlation operation with the template for only the edge 
part of a mark to calculate a first correlation result. A second operation block 104 shifts the right half 
or left half within a range where correlation operation is made by one point and performs correlation 
operation with the template to calculate a second correlation result. A mark center detection block 
106 synthesizes the first and second correlation results to create a third correlation result and the 
mark center is calculated by using it. 
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40 



m 1 ii^^HJ^C J:SS3t^S©S 1 ©g|JSP!|©«fS*>n 
Srtuv t>WrcibZ>* so 



[ 0 0 3 1 ] m 1 #ns&wc*$w£<ig^ 

[0 0 3 2 ] ifcHJSflJfCteH-C. XYX^-y7_h«C^ 

•;>*2. U^^;U3fc<i:j/iSU35^U>X4*a.S,C<h 
(C «fc otSS*^ 5r - > <k $ n/cS7BS?B^g 1 #>6©J8 

[0 03 3] {4g^*>#v-^ (^®^) XY^f 
-s? 7 K.mms tlX^Z V x^ 5 ±tCKW 6nri»5 0 

^-7 5 7-10, 55-13. af/i^©SS52S 
3£U>X44j19. (4g^*D-t*v-^4fi8?B-rS. WBL 
?BK:j:0^TS{4g^*D-t*v-i7©«!J. 
S*tL/, AS4il5CiSiS?ria!-5r^-7 5 5-l 0*il 
ML. T7-f^>ht>tl2ICAIlfS. T7^^> 
ht>tl2». CCD*y7^©x«JrH2>^^>St,> 



(7) 



-943 15 
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[0034] tis^t>-ti-v-i'« > fm^&m 

4>©-C&o/c9. 15— ©^©^"Cfto-ft. tad© 
&M©ft£fe©rftS„ 3K*^&fciSH2 0«(Bias# 

[0035] tig^fc-ev- * 

teWSSgl 0 0tcJ:oT©li3*a£. ftg^b^-* io 
fcfelti^g 10 01*. A/DtMSg 10 1. gBKfSS 1 
0 2 . SSIl^n -^103. f2ig^a^l0 

4. bomgmi o sfcjr^v-^iti-cv^ai 

[0 03 6] T5-f^>h-fe>lH 2 6C«t»)7l&a^gS$ 

nfc<a#«. A/D^Mii o nctotfy**© 
tfv-^&ai^gi o oft©^*y l 0 2«:gatg;**x *2o 



12 



[0 03 7] jBaffiftStlfcflWOl-^ftttoWSi. 

1 2 iLtCCD*j( 7&<t*©x'JT-fe>1f£Ji! 
[0038] Et83tlWffiW»«CC-3l»rB» 1 StU^ 

n»f i 0 3tm2mw-7nv9 1 o 4 tc-c -en-end 
4i8ta#sfT*>tis. v-^tp^a^a ? * i o 65*s 

[0 03 9] 'J 9 1 0 6K:toW£9 

[ o o 4 o ] gli StJj^a ^103 rt*«T©Si»* 

JfotEl £l?ttif£. 
[0 04 1 ] 
[86] 



l(r)= E SCr+OTXO + SS(r+07X0 (7) 



[0 04 2] 
HTM 



£l(r)= 2 (S<i-f)7X0+SCr+OT(O) 

<=-a 



(8) 



(9) 



30 



(9) K$<t#6*-i£„ s, T, E 1 Kot>TS3<£>£ 

[0 04 3] *2l*^a^ i o 4 r««T©sa»% 
tT-?TE2£Ha"r£ 0 
[0 044] 
] 



£2Cr)=^(S(r-Or(i)+S(r+l+07XO) (10) 



S, T. E 2Koi»TB3©;effl(J^CC5Vr. 
[0 04 5] ^-^t^Hi^P 1 0 6T«, 
**P**<D»JMS*E 1 £E2*£«LrF*ffifiST 

F©^«*a: (id fcs*T. 

[0046] 
[»9] 

F(ra)-P 1W X2-2r 01) 



F ( x a ) ©f-^^v-^^ffigt^^o EliE 

[0047] ei. E2£jt$a-r&<t, hhshm— r 
40 »2 3H«*«^>^u- h* i mmftftmicmv 

0*4. El, E2CCO(,>Tx£x— 1 , x, x+lO 

[0 04 8] 
[ftl 0] 



(8) 

13 

El(r-l)=g(SCr-l-i)T(0+SCr-l+OIXi)) (12) 

E2Cr-l)-E(SCr-l-i)T(0+SCr+f)7Xi)) (13) 

Bl(r)=^(S(r-i)7X0+S(r+i)r(0) (14) 

E2Cr)=^(S(r-i)7X0+S(r+l+i)T(i)) (16) 

El(x+l)=fc(S(x+l-t)T<f>+S<x+l+i)TG)) (16) 

E2(r+l)=g(Sew-l-07XO+S(r+2+07XO) (17) 



^¥8-94 3 1 5 



14 



20 



±SZ<D&ttmm?Z£> E2BE1 <Dr$*ffifflU-Ct,> 
SCiflSfc^-S. S3?:ffll^ciJiBj{ctei»tB. E2® 
*HH8»©RIK:. 1 f->:/U- F^iWS 

&©£ u/c*i. i EBR»rtffl!iK»wr bmwommw® 
ens. «>ti*>/i. iSii;fr£©^mc><o*>??£-r 

tO 04 9 ] v-i^Cv&HJ^a ! o 6JCj:S±ia 
©?x^©&H#mB;*ftS<!:. R«3$BIH««H1 4 

&#6. ^f—^m»mm.8^mmb. •jiASiu? 

£gg l»"C 9 5 ±tc U * ;V 3 ©@S8^ * - > SreSft 
[0050] &*t, ±m LtcW 1 SIIJT'n -^103, 

m2mn^ovf 1 0 4te^t>*v-?4M>{igt8tH7'p 

[005 1 ] jg2©fliSffi) 
*2S?B©J& 2 CDHSSWIi t,T. ^ 1 m&7n vflO * 

E2(r)= £ <S(aM)7X»)+SCE+i)T(i- 1)) 



30 



3. m2\$m.-7uv i> 1 0 4©iltl?Wg7->:7"U- HM 

[0052111 jHH^n ^103 -CWXTOmn.* 
[0053] 

El(r)=^(S(r-07X0+S(r+i)7X0) (18) 

s ( 1 8 > urn i ©stuswcfcw-sj*: < 9 > <tisi--cA 
s. 

[ 0 0 5 4 ] SI 2 rgllT'n * * 1 0 4 -CtJWT©^©* 
?f-o-CE2€rgtm-TS. 
[0055] 
[812] 



t-c 



*E 1 iE2^fi£L-rF^fi£-r-5. F©£j&£5S 

(2 0) «:^-r. 

[0056] 
[8U 3] 

*«-ffig 5S« » 

F ( x, ) ©f-^^v-^^c^H-c^So 

a ^ ^©iss^^E 1 . e 2 *Jti2-r s <tm 1 rag— 



(19) 



40 7 hS-e-rBKm**. ^2©5«Sf!lK:tei-»-c^ffliJ^> 

[0057] xmrnmiae^-c t>. 21 1 ©gsgstBj 
iisjSKsr 1 in^T-a 7*103, gr2«#yo v ? 1 

0 4 ftp/OffiSeidi^'a v * 1 0 6 J* 1 cJ© 

50 [0 05 8] Sf*3©3y6ffil 



(9) 



«BB¥8 - 9 4 3 1 5 
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^mom3<Dmmmt u-c. m i * i o 

f— »^ii!3:mi©9liS«aJ<!:la)-^©-C. St 

[0059] #m^&3ftfcfi^safj© i o^ts 

h-C^So H*V-*X-,5?gIS/cW 

[ o o 6 o ] m i mu^o ^103 -n;tJi(T©iH2?£ 

tToTE 1 £#mT5. 
[0061] 



16 



[»14] 

£l(r)=ESCr-i)S(r+i) 



(21) 



S(21) ttf3#8SB (i3(C*tWS) ©£*»£ 

«v-^x^^a5/cwcj:i»„ as« 20*13. ii:c 

[0062] 02 jUSE^n ^104 ■eiZUTVmn* 
tfoTE 2£#fflTS. 
[0063] 
[8SU 5] 

E2(r)=gS(r-0S(r+l+0 (22) 

.b&mzra -^106 -C«. S?»#^d ? i/© 
MmiSmE 1 iE2*^LF?:f^-rS. F©£j££ 
5£ ( 2 3 ) (C^-T. 

[0064] 

[£U 6] 

....(23) 



lB2Cr) x 3 =2r+l 



F (x,) <D\Z-9tfi-?-i>ip'biiL'&-e$>2>. 
[0 06 5] fcfc. *mS&miCi<sl,>-Ct>. 3Jl<D3USfi): 

1 



* tmuicm i gssr/p ? * 1 o 3 . m2mn^o v >? 1 
0 4 *$«fcc?v- ^tfi^g^ita^p y^ioeai &© 
mmrfa m ? vx-mmr 3 c t a. 

[0066] 04©ggffcfll 

##S93©3f 4©ggi60j£ L-C. 0 1 m»7u v?10 
3. S^iSl^a** 1 0 4 ©85^^02©!^^ 

10 si. &7£#&«i?si©giSS0g£i5!-&©-e. i&ggti^Bg 

[0067] ft^&Stlfcfg-^fS© 1 o£&*-f-5 
J:t>. S*ii2o*f3. x^ym©gp^«v-i7tt$S 

***r>"ct>tti». tt$B©Mt^jis©y -ixfoftmrnm 

fftcBJ»«r^€»©*«I*IJ-r^fcto-C*>S. tiM?H^L« 
20 [0068] 



Stl 7] 

£lCr)=E|S(r-0-S(r+i)| 



(24) 



£2(r)-^|S(r-0-S(i+l+i)| (25) 

( 2 4 ) . < 2 5 ) Mtfr 9 il LSm^&g©fS-^©^ 
#£S#0T(,>.&„ 03©HJfi^J-C«^#-C*ofc3&i. 
30 v^^pya-fev»f^-c5*«S[©Ma^Fffl©*A^B#fffl 
-C&S. v-?t|j^iHya ^ i> 1 0 6-C». &mW-7 
a v ^OMSfiSE 1 <t E 2 ^^ffiSL F ^^fiS-T So F 
©t^££i£ (2 6) CCtf-T. 
[0 06 9] 
[S18] 

L £2(x) x 2 =2r+l 

tctcL, ^^^[(1^^10 6^ F 
40 (x 2 ) cDg/NB£j®U ^<Z>{4S^v-^4i^fegr 
F (xj «i£&F' (x.) £8H>T, 

[007 0] 

m\ 9] 



(10) 
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[0071] fcfc, ^mmm^Oo^x m i omnM 
tmmscmimn^vv? 103, g2ig^u^ 1 

0 4 **i&fiBStfctti ? Z 1 0 6 » 1 £© 

[0 07 2 ] jff5<Pgli§ffll 

19 4 tS&HBfC i £S3fc^a©SH 5 ©^^©«tfi££^ 
[0 07 3 ] i4^#Ilt 4 *3mffl(C*ttStiUte 

[ o o 7 4 ] ^m&mu. \s*?>v&mutc?*^±.<D 
[0075] *9mffltem i (tc^Ltcm 1 ©^e^k 

X4 ©«*tKET4 U>Xfig^J|gSij^g3 0 5 «R 

»i©sasw«:*jws^"-7 5^-i o. $7- 1 

•te>1M 2©*ti-eti*^-7 5 7-3 0 2. $7-3 20 
0 0, fig^-7-^»^g3 0 4^0'77>f ^ 
> hHz>1f 3 0 3i Ltci><DT$>& 0 C(Dfl6©«flE«BI 

[0 07 6 ] «afc«CCfeW*U*^iI/30)flHB^to* 
v-^«U^^;l/3±CC^PA^4r->i br??:gE-r 

[0077] *arr**tHB^to-a-v-^BH?8ija3 o 

0, Ut^;U3, jffl/h!BKU>X4«r«0, ^x^5± 

^■^to-ttv-^ijffflij-r*. {aa^*>t^-*©« 

*x^ 5 THUS ft, WOTgCi|SK*i!!l0* U^^ 
;U3, ^ — 7 >7-30 2£iIjfiU 77>M>h-k> 
1f3 0 3CCAStT4o C<D X ttUdto-ttv- ^Ofttt. 
CCD*^7»Ox';7t>t*Scm CCD7>f> 

3«:iot*«a»3ti4. 

[0 07 8 ] ^^^©{ia^btt^-^te, -)x^ 
5*6©R»*CCj:or«8WS*ia. SEMW^CC«<aa 40 

iftO, 77^ h-fe>if 3 0 3r«Bfi,Hft<fcttS. B 

5(cccd^^7 rift u fctita^b v - * ©a® © 

[0 07 9 ] J6aSE*3tifcfi#W, A/D^g|^a 1 
0 1 Ccr A/Dfflft3tl, !®&©llj^ti^<h LT«B«R 
HrtOEtBWR 1 0 2 GCiEtSS ti&o 

[0080] ytimmtitcmm<D 1 o^tAt^ii 
tesvrsag sifts, sk^ h^>^«;>^$n/cfi so 



miV8-84 3 1 5 

15 

*rcft*. 

[008 1 ] SttKS 1 0 fiflH. £fflJ©X. Y 

v-* (XL. YL. XR, YR) , 6tf4O0ffl% 

ism-TSo 

[0082] IBt?.$n/c4o©[SSt»f85ilt37:&C, ft 1 

i o er(aa^*>-!*^-^©*^**e<>4. c©<t£© 

•JXMSOftB^totiv-^oW (XLW 
C) ± % \s*9)W->?tp*t> (XLR 1) (Dl*S<bU 
^■^Jl/v-^*^ (XLR2) ©2*B*«mrS. C 
©<£5te, 9x^5£U^*;U3£€:^{ci|-9JU tl 

smsttttax uraHH-r 

[oo83] ^-**^{ia©itm#£«:, mmm 1 a* 
6ii*«4tc!ttK0te^r*ia>fe<D*«>fla^4ci3wr 

[0 084] XL, YL, XR, YR&v- *©tB2tift 

x, Yisfacb^v b&ft, mm&ft*$m 

Ls T**9rXYXf-^7©fi««:tid»l&3&s 
6, U^^;HftBH«fc*«3 0 1 i/cttXf- ^fgl&iS 

J5S»tcoi»r«. u>XfgmigS6^S3 0 5 £ig«rT£ 
Ci&cJ^fifHETSo ^x^5£U**Jl/3©ftB#IE 

tcu^^^3<DHK^^->*jHE*"ra. 
[0 08 5] gi6<Pggi6fll 

flK-r&*>©r£>£ e 

[0088] *HJ5fe^«S 1 ^Ltcm 1 ©^03© fc 
©CC. ^77^^mKM4 0 1 ftlOJI^pa 
5^- 1 0, $7-13, iil^v 
-*M9^S1 l*sJ:0'T7^y>h-fe>1f 1 2©^n 
fti*A-7^7-4 0 3, $7-402, (4g^t>1± 
^RS^KB 405^^77^^>ht>t404 
<kb/ct©-C*S 0 C0i©»01K:SL/cSl© 

[008 9] XY*r-^7te&4S$ttTC>&v-x^5 
[0 090] *»rft v-4r«g9!«a4 0 



Oi) 
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5 35>6ta34Lfc^5i. a-75 7-403, 57-40 
2*7 7*S/XH&Sgi4 0 l£a<3. v^^5±©{£g 

•fe>-tf3 0 3K:A84-r&„ t©. &g£:btf-7-£>©fg> 
Si, CCD*^5C50X';T-b>-9-&*t^i. CCD5 

4 0 4SCJ: ^-C:£^S&3n&. 

[0091] v-i;tti^{5g<Dtt^a«. UShFO 1 
*>&mm4 K.mWLtc^-ftKD$><D>S:i>m^ZC tifiX 10 

i*&„ 

tO 0 9 2 ] 3i7©g|flSffil 

0 7 tt*agi(c «fc ss^gs©^ 6 ©3S6afi»i©8ij££m 

[ 0 0 9 3 ] 0 7 ^HJSWfCjtfWSficS^ 

[0094] *»W«:j:S*ffi*XUfi9t 
af«RCC38Jtl/fcfe©r*S. XUSttfiJS£g«. &3fc 
Slg^CT U ? ? Jl/ffi_h©; < £ - >&&&&t>it 3 ft ft # 20 

i-r-SXY^-yS 0 3±(D^i^?+ ? *5 0 2 (C 
tggi*ft.2>^i^5 0 lttJJXUSitifflv-^flPJSSg 

5 0 5*f.©lTOSA-7 5 7-5 0 7 fc^D^Sftgi 
5 0 8&ftLX9m$tlZ. 9x^5 0 1 ©±ffi(CS;t0 

xusti-#j-7-->;©ffit;i:3;i:/N5 o 1 rjgsjsft, wtx 

|BlGigSS«riif). ^-7S7-5 0 7£jIjaU CCD 
*^7^©ii;T-fe>1>-*5tHi. X. Y— >H©CCD 30 

g5 0 4 tCAMLxytmgl8i2iiZ. 
[0095] xus&mjsgs 0 O©flll?£«:0 1 ft^O 
fcSI 1 ©§«g«a|©fc©tllI«-C*4ft:*«cgtt^»^BS-J- 
fil^Mv-i'^lliggl 0 0©^W*gm«XU 

an-S'j»g»^a 509 ^mt> $ ft . x usu-iijug 

8HJ»Seg5 o 9«iS«lffiie^cS-5^r^^-yggsi)^ 
g5 0 6«r^-0t:XYX7--^5 0 3©*0ffll%m». * 

a*j3§g5 1 o^Htfj-r*. 
[0096] ^HffiWKij^rtffen.sxusftitHcco 40 

[0097] 0 8 K^3ft&xuaita>jv- 
(/>■£". ?i-m-?-i> (outm) ©^i. rtflpjv-^ 
< i nm> mmm 1 t^hm&m^o^-m 

fr<DUmx, fa^^XMEA. YMEAJ:OXfft, Y 
fc&fCOl^T^ft^ftJKtf). cft6©g#£Xusgti>J^ 

araoaiSK 5 o 9Gcinmi/ r aatt s t>- x uffistfjg 

SSflSUKB 5 0 9 «X f — ^KibKH 5064MtX 
YX^-y5 0 3£l!g»U -e©ffe©XUJRS+iiJv-i7 
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tix^zmtnommtmrntigms 1 o^i. 

[0098] 

[ nmmm ] ^bji ««±sbhj utcj: *> mm 3 n-c 
[0099] sasjai 1 TisimmA (cseis©^r*i©^ 

SK*jl»-C4>» 8»©*iCicJt^. 2<g©fl5St?1^a-r 
SCiasoJfiti&ofc,, i>JJT, ^ffl»8?gg*l/2 
K-T 2>tctbtrCy> zf ') > ^JSi&8&£ 2 <gCC±tf£ ft i'^ 

ft£JB(,>ft{;f. ^©^- K»g£$l7pcLA:££. fflS 
£2{mc±tfe>ft£. '&%&>®mfi3W. aw 

Xn?27*rV:7 H^iT^Cio-C^f LT(,>ft:©ft6 

«:. lifffieftttjx^-c^ft^ofc^^jixsKfefs 

^{SKitf^ftS,, 

[0100] ±g2©##g"J8#W©®m«f«^5 7!>Mf» 

2«:tet8©^«55^g{cpse»-r, is^jbi 3 

7bM»^3S 1 6 tciEi£©fc©©J: ^«cs^©{sigXu 
^Sg©v-i/{4g^Ui{c«>*iJfflrt.5» 0 C©Jg^ 
*>. ®#«:gtiiJfSS*2fSccrS)±3-i±-Sc<h*s-r#5. 
[Sffi©®#ftsftW] 

[si] *^hj^ 1 <ommm~~m4v>miMmmt>ti2> 
me&ytmmomtiiZfn-rmxiib h. 
:m2] miictnutcmzmjtm&xytm&festizo. 

[03] ^B^ne^a^uiBj-r^/cisboE-c*^., 

[04] *mio>m 5 ©**6WI©!2^S^^g©filfi£^ 

ims] *mM<Dm 5 ©fisswa&sg^g-cjifSi 3 n 

[06] #HHJi©Ut 6 ©HJS^©t9«JS^^g©t»fiX* 
[07] #|£HJ©£| 7 ©HJfi^l©!a8JS^^g©«e£* 
[08] ##£Hjj©f& 7 ©H^©XufflttgiJ^g-c»« 

[09] m£n%m&<mm**wn-tz>icib<Dmx3b 

So 

[010] fie*©tiBaast©pas**/p-r0-cS).s. 

1 SSTKMW^g 

2 S/ 5» 

3 V3->7)V 

4 &8jSS7£u>X 
5.50 1 'i'xyN 

6, 50 2 -)XA^t5-l' 



(12) 
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7. 5 

8. 5 
9 

1 0. 
1 1 . 

mm®. 

1 2. 
13, 
1 4 
1 0 0 
1 0 1 
1 0 2 
1 0 3 
1 0 4 
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0 3 XY^r-^ 
0 6 X^-yH«*H 

302. 40 3. 5 07 
304. 40 5. 5 05 



303. 404 T5^> h-fe>-* 
300. 402 55- 

.2 00 v-*$fcm^g 
.20 1 A/Dl£&££g 
.202 BSttSS 



10 
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1 0 5 T^^U-hSf^K 

1 0 6. 2 06 v-^WtUj^o^ 

30 1 U7-*Jl/|BlbeK 

401 *vT>7i'xmm 

5 0 0 XUS^Hi^g 

5 0 4 xusssuafsssH 
508 mmm 

5 0 9 XUffiitSJ^S^JSl^S 

5 i o ititj^m 

s {m^ty^-tKom^ 
e ta^gn^m 



[H2] 



[S3] 
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a b 
I 1 
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